Recently in Japan, boiler waterwall tube damage such as fireside corrosion and circumferential cracking in a low NOx environment has become a serious issue, despite the fact that relatively lower sulfur content coal is typically being used than in the US. Thermal spray coating is the most popular method for tube protection in Japan, and thermal spray coating tubes are used for this purpose.
Introduction
In a coal fired boiler, waterwalls made of tubes and .
In the context of the current study, after one-year of service in a low NOx combustion environment in a coal fired supercritical boiler, a field test on alloy 622 weld overlay panels is continuing.
In order to develop a fundamental understanding of the high temperature corrosion behavior of alloy 622 weld overlay, gaseous corrosion testing and mechanical tests related to aging were carried out.
This report describes the behavior of alloy 622 overlay panels in field tests installed in a Japanese supercritical boiler, the laboratory results of weight loss corrosion testing, and aging-related mechanical tests.
Experimental Procedure

Sample Panel in Field Testing
The alloy 622 weld overlay sample panel, which is 16 tubes in diameter. Table 1 shows the chemical compositions of the alloy 622 filler wire used to produce the weld overlay samples in this study. The gas shielded metal arc welding (GMAW) overlay machine deposits weld beads from the fin and then moves to the tube section to achieve a uniform coverage of the sample panel.
Each weld bead is overlapped by the subsequent weld bead to ensure full coverage with no missed spots. 
Corrosion Test
Two alloys, stainless steel type 309 and alloy 622, were selected for corrosion testing as weld overlay materials.
Welding samples were prepared using automatic MIG welding.
Weld wire from each material was deposited onto SA213-T11(1.25%Cr-0.5%Mo) steel tube using a single pass overlay. Each corrosion specimen was machined from the overlay welded tube, so that all of the tube base metal was removed.
Corrosion specimen dimensions were 10x10x2mm. All specimens were measured and cleaned in ethanol prior to corrosion testing. The corrosion specimens were kept in Al 2 O 3 crucibles. The furnace was heated to the test temperature at 773 K and 823K. The gas used for corrosion testing is representative of a typical low NOx combustion environment, with sulfidizing gas composition of 960ppmH 2 S-6.6%CO-2.5%H 2 -13.4%CO 2 -71%N 2 .
In this study, the corrosion tests were performed for 200 hours at 773 K and 823K respectively.
After corrosion testing, the specimens were immersed in 18%NaOH-3%KMnO 4 solution and then de-scaled using 10% ammonium citrate aqueous solution. The specimens were weighed before and after the exposure period, and each specimen was measured to assess the corrosion rate.
Mechanical Testing for Aging Specimens
Overlay welded tubes were kept in a heat furnace as aging specimens. Each aging specimen was maintained at from 773K to 1023K for 1,000h. All of the 1.25%Cr-0.5%Mo steel tube base metal was removed.
Results and Discussion
Sample Panel in Field Testing
Figure3 shows the appearance of waterwall tubes damaged by fireside corrosion in a Japanese corner-firing supercritical boiler.
In the case of fireside corrosion, serious waterwall Based on the foregoing results, the alloy 622 overlay weld panel showed no evidence of corrosion after one year of service.
All of the field test results clearly demonstrate that alloy 622 has excellent resistance against fireside corrosion and circumferential cracking in supercritical boilers.
Corrosion Testing
The corrosion rate calculated from weight change data for weld overlays exposed for 200 hours in the typical low NOx combustion environment are shown in Fig.7 . These results show that the corrosion resistance of alloy 622 was better than that of type 309. The corrosion rate of 1.25%Cr-0.5Mo steel at 773K was 0.48mm/year, and the corrosion rate of alloy 622 weld overlay at 773K was 0.04 mm/year as shown in Fig.7(a) .
The corrosion rate of alloy 622 at 773K is thus about 10 times lower than that of 1.25%Cr low alloy steel tube material.
The corrosion rate at 923K is also shown in Fig.7(b) . The corrosion rate of alloy 622 weld overlay at 923K was 0.05 mm/year and it shows that alloy622 weld metal has good corrosion resistance at elevated temperature.
From these results, in such high sulfidizing gas, alloy 622 exhibits excellent sulfidation resistance.
Mechanical Testing for Aging Specimens
The Figure 8 .
Temperature estimation of a bare tube and an overlay welded tube having 4mm of overlay thickness was conducted as shown in Fig. 10 . In both cases, the heat flux from the furnace side is assumed to be the same. However, since the thermal conductivity of alloy 622 is lower than that of low-alloy steel, the temperature of the overlay welded tubes tends to be higher. The maximum surface temperature of the 4mm thickness of overlay weld metal is estimated to be approximately 867K(594℃). As shown in Fig.   9 , the tensile strength and elongation data in the current study was tested for 1,000hr at high temperatures. However, the alloy 622 material properties with respect to aging over longer service periods have not yet been investigated. Material degradation in an actual boiler environment should be considered through continued sample panel field testing.
Conclusions
Based on the results of this one year field test study, it can be concluded that:
(1) Alloy 622 overlay welded tubes indicate excellent resistance against fireside corrosion and circumferential cracking in a 
